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Introduction
T he current unprecedented increase in global food prices (FAO, 2007) is nowhere better demonstrated than with respect to palm oil, the price of which increased c. 70% from 2007 to (HGCA, 2008 . More than 80% of oil palm is grown in South-east Asia (Malaysia and Indonesia). This region encompasses four biodiversity hotspots and is experiencing some of the highest rates of deforestation (Sodhi et al., 2004) , and it has been estimated that during 1990-2005 up to 59% of Malaysian and at least 56% of Indonesian oil palm expansion directly replaced forest (Koh & Wilcove, 2008) . Grown in extensive monocultures, oil palm plantations support significantly fewer species than tropical forests (Fitzherbert et al., 2008; Koh & Wilcove, 2008; Danielsen et al., 2009) . With expanding world food consumption and the advent of biofuels, demand for palm oil continues to rise and the potential for expanding oil palm agriculture to cause extensive future forest loss is huge. Within South-east Asia most expansion seems set to occur within the Indonesian archipelago. If this occurs at the expense of native forest, the result may be catastrophic for the region's biodiversity (Fitzherbert et al., 2008) .
Rising concerns regarding the negative social and environmental impacts of palm oil production prompted the establishment of the Roundtable on Sustainable Palm Oil (RSPO, 2009) , which aims to promote sustainably produced palm oil. RSPO certification requires commitment by palm oil producers to a range of sustainability criteria (including managing plantations for threatened species, controlling for soil erosion, groundwater and chemical pollution, and continuous monitoring of potential environmental/habitat impacts). However, it is widely accepted that the social and conservation elements are the most difficult and costly to implement (Bangun, 2006) . Preventing forest loss to plantation development is the most important action for mitigating biodiversity impacts (Koh & Wilcove, 2008; Phalen et al., 2009) . This is where certification of sustainably produced palm oil can help, as plantations recently converted from primary forest or high conservation value habitat are excluded from RSPO accreditation (RSPO certification criteria 5.2).
Global agricultural expansion and the associated loss and degradation of native habitat are one of the principal causes of biodiversity loss (Tilman et al., 2001) . Decisions about land use are based primarily on economic criteria and sustainable solutions for multiple-use landscapes will only be found through engagement with economic incentive systems (Naidoo et al., 2006) . For the palm oil market to be a tool for raising conservation funds and stemming future expansion into native forests, strong monitoring institutions are essential but two additional conditions are (1) a means of identifying responsible producers and (2) a means of rewarding them.
A major step towards satisfying the first condition may come through certification systems administered by organizations such as the RSPO (although vigilance is needed with regard to the administration of any such certification scheme to ensure that it remains independent of producers; see FERN, 2002 , in relation to forest certification schemes). Satisfying the second condition may come from so-called green markets, which provide a mechanism by which commercial activities are incentivized to engage with conservation objectives (Ferraro et al., 2005; Butler & Laurance, 2008) . Green markets depend on the willingness of some of the world's most economically powerful consumers (e.g. those in the developed world) to pay a significant price premium for preferred ways of producing what are, in other respects, identical goods. Cases such as the Forest Stewardship Council timber certification scheme (Nussbaum & Simula, 2004) or the dominating market penetration of dolphin-friendly tuna (Teisl et al., 2002; Jacquet et al., 2010) demonstrate the willingness of consumers to pay for process as well as product.
To tap into these markets flagship species have long been used as emblems of conservation agendas: using charismatic taxa, usually mammals and birds, to capture public sympathy. Such species perform a socio-economic role in soliciting broad support for nature conservation and by definition are not required to perform as an ecological surrogate for other components of biological diversity or ecosystem function (Caro & O'Doherty, 1999) . Although there is continued debate over the value of surrogate species in conservation prioritization (Sergio et al., 2008) and a shift to conservation focused on ecosystem functions and services (Millennium Ecosystem Assessment, 2005) , flagship species remain an effective method of presenting complex issues to a wider audience.
In this study we investigated the potential for a price premium for certified palm oil by linking palm oil production with the plight of the Sumatran tiger Panthera tigris sumatrae, one of the world's most threatened and emblematic megafauna (Mills et al., 2007) . This work was conducted in connection with the Zoological Society of London's Indonesia tiger conservation programme (Maddox et al., 2007) , which uses the Sumatran tiger as its flagship species and aims to document how palm oil conversion influences biodiversity. The present study complements our ongoing research quantifying the costs of producing palm oil in ways that reduce impacts on species.
Methods
Our experimental design focused on an everyday good that increasingly contains palm oil: vegetable margarine. Investigations into the palm oil premium were informed by UK official guidelines for conducting such studies (Bateman et al., 2002) . We conducted a split-sample survey of 600 consumers at locations across the UK. Survey respondents were given a simple choice between two tubs of margarine, identical in all respects except that one was designated as being produced using 'tiger-friendly' techniques and offered at different prices relative to a conventionally produced product. The price of the two goods was varied across treatments and respondents asked to state which of the two they would choose at the price shown. Prices were then adjusted in response to these answers (e.g. if the tigerfriendly good was initially chosen then its price was increased) and respondents again asked to choose between the two products. Finally respondents were asked to state the maximum amount they would be prepared to pay for the tiger-friendly good. Economists define this as the economic value of the good and it is this amount that we refer to subsequently.
The study was designed to examine two factors that could influence the extent of any tiger-friendly price premium: the quality of the good and the level of marketing used. To assess quality effects half of the respondents were presented with a high-quality conventionally produced margarine alongside an identical quality (and brand) of the tiger-friendly margarine, and the price premium evaluated. The remainder of the sample faced a similar procedure except that now both the conventionally produced and tiger-friendly margarine was a lower quality brand. The entire sample was then cross-cut by three levels of marketing information so as to make six treatments in all. The levels of marketing information were nested such that the most basic level is then added to so as to make the intermediate level and then all of that information is added to make the highest level. The lowest of these marketing levels (adLow) provided individuals with the following deliberately general and non-quantified statement:
If you purchase the tiger-friendly margarine, some of the money you will spend will go towards protecting tigers in Sumatra. Specifically it will protect the land where the tigers hunt.
The second level (adMedium) comprised the former statement and added the following quantification of the rate at which the tiger population is being depleted:
In 1978 there were roughly 1,000 tigers. Due to hunting and destruction of the jungle there are now only around 500 left.
The final level of information (adHigh) comprised both the above statements and added colour images of Sumatran tiger adults and cubs. This therefore brings together general, quantitative and visual image information and represents the maximum realistic marketing likely to be undertaken in a mass-market, commercial setting.
The above design gives us six distinct combinations of quality (low and high) and marketing (low, medium and high). Respondents were randomly allocated to each of these treatments. The questionnaire was extensively piloted (n 5 150) on university students and employees. The main survey was undertaken using face-to-face interviewing of households and of individuals at supermarkets at four cities across the UK, with a total sample of 600 that was almost perfectly divided across the six treatments. While we do not claim national representativeness, the sample size captured a good spread of variation in socio-economic and demographic covariates, suggesting that results should correspond to a large segment of the population.
Results
Tests across a wide variety of socio-economic and demographic characteristics confirmed that there were no significant differences between the various subsamples defined by each of the treatments (i.e. the results of the experiment are not confounded by differences in respondent age, income, gender, group membership or interview location).
Detailed results and confirmation of the statistical significance of the price premium is given in Table 1 , which reports mean willingness to pay for the tiger-friendly good under each of the treatments. The two effects investigated, quality and marketing, show clear trends. A clear quality effect is observable, with willingness to pay for the tigerfriendly product consistently higher at the upper quality end of the market for margarine than at the lower end. Irrespective of quality higher levels of marketing lead to higher willingness to pay. Multivariate modelling of the willingness to pay responses (Bateman et al., 2009) confirmed the statistical significance of the price, quality and marketing effects (P , 0.01). Although the socio-economic and demographic characteristics of respondents exhibited expected effects on valuations (e.g. those with higher incomes had higher willingness to pay) only one of these factors proved statistically significant: a higher willingness to pay from respondents interviewed at supermarkets. This suggests that those who actually make food expenditure decisions are more willing to pay the tiger-friendly price premium, a result that of itself enhances the validity of findings.
Substantial and significant price premiums exist for tiger-friendly palm oil across both quality and marketing levels ( Table 1) . In relative terms, the price premium is greatest for lower quality products. For the highest level of marketing, the premium for tiger-friendly margarine is 56% at the low quality end of the margarine market and 36% at the high end of this market. In contrast, the absolute value of this premium is greatest at the upper end of the market (Table 1) where consumers with higher gross incomes expressed their preference for production mode over price.
Discussion
The success of market-based conservation mechanisms, such as eco-labels, depends on the presence of consumer demand, reliable certification, tangible rewards for producers and discernible environmental benefits (Kaiser & Edwards-Jones, 2005) . We have shown that a consumer demand for eco-labelled palm oil exists and that using a charismatic high-profile mammal such as the tiger as the public face of certified palm oil can prove effective in eliciting consumer preferences for such products and thus offer the potential to raise funds and awareness for species conservation. The RSPO seems capable of providing the necessary organization required to ensure integrity in the standards of such an eco-label as well as ensuring the certified producers accrue benefits. The term 'tiger friendly' is of course a relative concept. Even the most responsibly run oil palm plantations will remain inferior to virgin forest (Fitzherbert et al., 2008) . The extent to which any price premium for a more environmentally friendly palm oil contributes to slowing the destruction of virgin forests depends on the institutions that will govern the production (i.e. national governments, NGOs, market cooperative). Certification is not a mechanism that can, in itself, halt the destruction of primary forests. However, the existence of a price premium does put pressure on conventional producers, who would be receiving lower profits. Even if demand for conventional palm oil remains high, producers tend to prefer higher profits to lower profits and hence TABLE 1 Mean willingness to pay (i.e. the economic value of the good; see text for details) for two qualities of tiger-friendly margarine, each with three levels of marketing (with 95% confidence interval, CI, and percentage price premium in excess of the conventionally produced product). All premiums are statistically significant at P , 0.05.
Level of marketing
Mean willingness to pay for lower quality product, GBP (CI, % premium) Mean willingness to pay for higher quality product, GBP (CI, % premium) Lowest level: no information on tiger numbers or images (adLow) , 2006) . Given the future potential demand for palm oil, this shift would only be effective in the long term if deforestation was brought under control. RSPO members are responsible for about half of the world's palm oil supply (RSPO, 2009) and for a major realignment of oil palm production overall the remaining producers will have to see real economic benefits to offset costs of biodiversity-friendly production. The price premiums described here could provide that incentive by compensating the adoption of more costly but responsible production methods. There is evidence that similar price premiums for shade-grown coffee have slowed coffee intensification (Steffan-Dewenter et al., 2007) , and movements such as the fair-trade movement have shown the power of price premiums in generating major change in production patterns. Therefore, understanding the magnitude of a possible price premium may also help groups like RSPO recruit producers to their membership.
There is some evidence from previous studies that certain consumers overstate willingness to pay in preference surveys such as this. In part, this arises because of uncertainty respondents experience regarding whether schemes will fully deliver the benefits they claim (Powe & Bateman, 2004) . A number of studies have estimated the degree of this 'hypothetical bias' by comparing stated willingness to pay with subsequent actual payments. In a recent metaanalysis of such studies Murphy et al. (2005) report that stated values were typically 1.5 times the actual values. While the degree of overstatement varies from study to study, such a figure suggests our estimates of willingness to pay should be reduced. Whether producers should react to such information by aiming their conservation-grade production at the higher or lower end of the market depends in part on relative sales volumes.
Critics of market approaches to conservation point to studies showing that market incentives have performed poorly for conservation and have advocated a direct payment approach to conservation (Ferraro et al., 2005) . This approach may be highly effective where such purchases do in fact occur. However, one of the paradoxes facing the conservation movement is that, while there is plenty of evidence of a commonplace concern for the preservation of species in developed countries, this is not reflected well in explicit donations to conservation groups (Pearce, 2007) . A certification scheme for palm oil could overcome the inherent inertia in direct payments, i.e. it is easier to buy margarine than donate to a conservation organization.
Engaging strategic industries is a growing approach to forest conservation (Butler & Laurance, 2008) . As the first plantations are certified and RSPO palm oil becomes available (Green Palm Sustainability, 2010) , there is an urgent need to strengthen the engagement of the oil palm industry in forest conservation. The tying of certification to a price premium may provide groups such as the RSPO with a means of meeting certified palm oil production costs in the shorter rather than longer term, a distinction that could mean the difference between survival and extinction for the Sumatran tiger and associated species.
We inhabit mainly domesticated and human-dominated landscapes (Kareiva et al., 2007; Ellis & Ramankutty, 2008) . In light of this, conservation must consider wider landscape initiatives integrating natural areas with more human managed mosaics to ensure species persistence and population behaviours as well as wider ecosystem processes (Wilcove, 2008) . While there is no substitute for primary forests (even secondary forests are being proposed as critical for conservation in oil palm landscapes; Koh & Wilcove, 2008) , we need to consider the costs and benefits of non-traditional approaches for species conservation (Gullison, 2003) , especially in a world of growing global demand for primary products. Tigers, markets and palm oil
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